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Synopsis. Various 2-suhsntuied 2,Wihydro-lH 
[dr]isoquinolin-l-ones were obtained in high yieldi by cheirt y 
selective reduction of 2-subsutuccd 1H ben4^*]i»oquujj £ 
line- 1 r 3(2H)-dion« wiih sodium or zinc borohydride at rodfc 
temperature. 

Ahhough there have been many reports on the r 
thesis of isoindoles such as 2.3-dihydro-lH-isoindol 
one," the synthesis of 2,3nlihydro-i/f-bcni(*x>]ii 
quinolin-l-ones (2) have little been studied, 
only two papers have been reported on the no 
some synthesis of isoquinoline 2 by electrolytic 21 a] 
catalytic 3 ' reduction oi 2-substituted Itf-ben^d*"* 
quinoline~l,3(2/f)-diones (i). In the course of 
investigations on the chemistry of isoindoles, 4 ' we 
been looking for new and convenient method for 
thesis of isoquinolines 2, which were novel hetei 
cles and considered to be versatile (or synthesis of bi 
logically active isoquinoline derivatives in con net til 
with alkaloids." It is well-known that carbonyl group 
of acid anhydride can be reduced to methylene group 
by sodium borohydride 1 * but that of dicarboximides 
can not be reduced." We could not find actually sjny 
example of such reduction in literatures. Therefore, 
our attempts to synthesize 2 were initially directed! to 
the reactions of 1,8-naphthalenedicaxbaidehydes with 
amines based on the previous results.'* Wc could tin, 
however, obtain 2-substituted isoquinolines 2 except 
for parent isoquinoline 2a. Meanwhile, a successful 
example of the demethoxylarion of 2,3-dihydiq-3* 
mechoxy-l//*benz(dc}iioquinolin-l-one to 2a wlith 
sodium borohydride by Warashawsky" was reported to 
stimulated us to examine selective reduction oCj 2* 
substituted lK-beni(itV]isoquinoline-l > 3(2>i r )-dic4ie3 
(1), which were readily prepared by treating \H£H- 



ituted 2,3-Dihydro- 



r 24, 1*7) 



itho[l,8*«i 




laphthctl ,8*cdTpyran-l,3-dione with various amines,'* 
to 2 using sodium, or zinc borohydride. iw In this 
jpaper, \i{e wish to report a new and convenient chemo- 
sdectivej synthesis of Z (Scheme 1 ). 
j) As: shown in Table 1, nine isoquinolines 2a— f and 
jfco—q having alkyl substituenu were readily formed 
jvia intermediate A (Scheme 1 ) in high yields on o-eat- 
ttaieni wih sodium borohydride. When desired 2 could 
not be obtained from 1 with sodium borohydride, zinc 
jporohydride was employed as a reductant to give 2 in 
timoderate yields (Runs 7—11, 13. and 16) together with 
^by-products, 2,3-dmydxo-2*alkyl-lH-befu(^]is<> c 4uino- 
ijline (4tkpk). It is noteworthy that the present reduc- 
' tioa was compatible with hydroxy 1, chloro, and car- 
( !boxyi groups (Runs 13, 16, and 20—22). Interestingly, 
| three new heterocycles 3l~n were obtained by treating 
jjll— n with sodium borohydride in moderate yields 
I together with desired 21— n, as shown in Table 1. 
Moreover, an addition of magnesium per chlorate to 
ijthe reaction system using sodium borohydride 
!! increased exceedingly the yields of cycliied products 
1 31— a dRuns 14, 17, and 19). Ahhough the role of 
! magnesium ton is not necessarily obvious, 31— n seem 
( to be formed by intramolecular migration of alkoxyl 
it group (of intermediate; B, in which boron coordi- 
nated 11 ] with two oxygen atom of two hydroxy] 
I groups] in basic conditions as shown in Scheme 2. 
I 3n was obtained as a mixture of two mastereomers. 
ij The results of Table 1 show that a bulky substiruent In 
jj prevented the cycliiauon and lo having five methylene 
j| chains) did not give the corresponding cyclic com- 
i; pounds (Runs 18 and 20). In the reactions of II and 
: im, the use of sine borohydride afforded desired 21 and 
j 2m preferentially (Runs 13 and 16). Although various 
j solvents such as methanol or tetrahydrofuran were 



H tt 





BEST AVAILABLE COPY 



1988] 



NOTfiS 



2239 



i 



Table 1- The Chgnoacleciive Rcducticp of Bpniisoqu^npline«l>Kiiona 1 
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ReactJlBord- 
umc/H j frydljidc 



[ujj 



Yield ofproduct/%*> 



24 
24 
2* 

8 

14 

5 

24 

25 
25 
29 
23 

4 
27 
10 

4 
28 
10 

12 
4 
4 
4 



NaBH« 
jNaBfri, 
riNaJrK 
5 NaBH, 
J NaHH 4 
R : NafH» 

i;2n(8H4>, 

{ Zn(BH<)t 

{:NaiH« 
|Zn(ftH<), 
I Na$H« 

:[ Zn(*H 4 h 
I NaBH, 
NaBH* 
| NaBH« 
NafiH< 
NaBH, 
NaBH 4 



97 ia» 

nib 

9* 2c 
79 2d 
7»fe 

a* if 

S3 2g 

i! 

32 Sj 

36 im 

3l!2n 



2231 - 

8) SI 
55 Sm 

78 3a 
93o« 
55 3o tf > 



13 4h»' 
2Q4i"> 
24 43* 
43 4b u> 



'3j2p - 



a) Reaction conditions: 1, 0.5 mmol, NaBH«, Sj^hmoJ, ZnfBHM 10 mmol, r.L b) Isolated 
yields based on the substrate. c) Mg(C10 4 h(5 mmol) was added lo the reaction system, d) A 
mixture of two diastercomer was obtained. ^ j jj 



M5H, 





31-n 



nined in all cases, only ethanol-water javc prefer- 
resulu. 

Experimental 

cuuicmcatt. Alt the melting points were uncorrected, 
pectra were obtained on a Hitachi 295 spectrophotomc- 
nd 'H NMR specira were obtained on a Hitachi R-22 
irometer using teiraxncthyisilane as an internal stand- 
Mass spectra were taken with a Hitachi RMU-6M mass 
irometer. Elemental analyses were performed with a 
igimoto MT-3. Ail the reaction* were carried out under 
trogen atmosphere and roonitertd by TLC (Merck 
rig*! 60-GF). 

ateriala. All the reagents were obtained from Wako 
Chemical Industrie* LuL, Tokyo Kaiei Co. Ltd.. or 

ich Chemical Co. The reagents used were further puri- 

by usual methods such as rtcrysalJuauon or disulla* 
Wako gel C-200 was used as a silica gel for column 

matography. 

ncral Procedure. To a solution of sodium borohy- 
: (5 mniol) in CtOH/H«0 (20 ml, v/v: 10/1) was added 1 
-vmol) and then the mixture was stirred for 4 h at 25 °C 
quenching with aq. HQ, the reaction mixture was 
ictcd with CHjCls (20 mJX3). The combined organic 
' was dried over MgSO« and evaporation of the solvent 



followed by chromatography on silica gel gave colorless 
□rystiU, 2 substituted 2J-dihydro-I/J-beTra[dr)ijoquinolin- 
! -one* (2). Elemental analyses for 2d. 2c. and tt were not 
wiUble>becau*r of the fcabilicy and the difficulty of further 
uriucatidru dfihese compounds. 

U>V 4h^ 2> A? 4j, ln and 4k 1 " was identified by compari- 
n of thcitpMtxal and physical data with those of authentic 
jsamRle. ; I 1 
II 2b* Mp 76ft (from hexanc-AcOEt); IR (RBr) 1610 and 
A\&40jan' 1 ; l Hl{JMR (CDOj) $=3.23 (s, 3H, CH,). 4.93 (s. 
BH. CH t ), and 7.20-8.36 (m. 6H. arom); MS (20eV) m/z 195 
8fM*yj Found:: a 79.17; H. 5.67. N. 7.02%. Calcd for 
l{C u HiiNa C 79.17; H t 5.62; N, 7.10%. 
| 2c; Mp 84 tC (from AcOEt); IR (KBr) 1620 and 1645 cm' 1 : 
m MMR!(CPC4) 8=1 .00 (t. 3H, /=7 Hi. CH,), 1.76 (sev r 2H f 
[i-7 Hi. CHtft 184 (t 2H. /»7 H*. CH»), 4.94 <« . 2H. CH,). 
Gand 7.15t-M2 ;(m. 6H. arom); MS (20 eV) m/s 225 (M^ 
• Found: C. 79.84; H t 6.78; N, &21%. Calcd for C„HmNO: C 
[79.9% Hi 6.71 J A 6l22%. 

Oil; ifekneat) 1670 and 1640 on-*; >H NMR (CDClj) 
a«=l^4 (H, 6H, /-« Ha, CH 3 ). 4.86 (s* 2H. CHx) r (sept, 
1H. Y=*8|Hx. (W). and 7.27-8.44 (m ( 6H, arom); MS (20 eV) 

lei Oil; IRJoeat) 1610 and 1635 em"; 'HNMR (CDO,) 
fi-4^3-44. 38 in. 2H. CH,), 4.B8 (s. 2H. CH«). 5. 15-5.43 (m, 
2H. tCr^} ( 5168-6.23 (m, 1H. -CH-). and 7.17-8.40 (m, 
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m/- wS*) Fou^: C 81.67; H. 7.27; N, 5.35%. Calcd far; 
C..H..NO: C, 8MB; H, 7.22; N. 5.28*. 

' MpTwC (from AcOEt); IR (XBr) WIS 
em™ 'HNMR (CDOJ *=5.33 (i, 2H. CH 2 ) »nd 7.24-* .S*. 
im 11 H a tom); MS(70eV)m/iZ59(M'). Found. C 83.36i 
S t9ft N^li- Cried tor Q.H^NO: C. 83.38; H. 5.05: N* 

S 'T Mp 102°C (from AcOEt); IR (Mr) 1615 and 16«? 
on"'- 'HNMR (CDd.) «=*87 (s. 2H. CHJ. 193 {s. 2Hj 
CH,). and 7.15-8.55 (». HH. arom); MS (70 «.V) m/t 27* 
(32n Found: C. B3.2S: H. 5.47; N, 5.09*. Calcd Id.: 
C,H>0: C 83 49; H, 5.53; N. 5. 13*. J 

a- Mp 153"C (from AcOEl); IR (KBr) 1615 and 164<* 
J-i; 'HNMR (CDd,) 8=140 (,. 3H CH£ 5 30 l» 2H|- 
CH,) »nd 7.U-8.S0 (m. 10H. worn ; MS (70 «V) m/t 271 
(M*) Found: C 83.64; H. 5.47; N. 5.05*. Clcd fol 
C..H..NO: C. 83.49:H. 5.53; N. 5.13*. , * ; 

2k: MP 232'C (Irom AcOEl); IR (KBr) 1620 and ■ «£•. 
cm-: 'HNMR (COCW 4=5.26 MIJCH.I *>d, T t lB-8g- 
(m. I0H. arom); MS (70 eV) m/t 293 (M% Found: C 73.53, 
H. 4 06; N, 4.88*. Calcd for C.HwNOCl: C. 73.60; H. 4.12* 

N wf 7 Mp I2S°C (from AcOEO: IR (KBr) 1610, 1635. ancj 
. 3380 an"': 'HNMR (CDCl,) 5=3.64-4.14 (m. 5H. CH.X2 . 
and OH), 4 96 (i, 2H, CH,). and 7.09-8 25 (m. 6H, aromV 
MS (70 eV) m/t 227 (M*). Found: C 73.73. H. 5.77. N. 5 98*T 
Calcd lor C,.H ia NO i: C 73.99; H. 5.77: N. 6 16* I 

2m: Mp 86°C (from AcOEl); iR (KBr) 1640 and 337Sr ■ 
cm' 1 - 'HNMR (CDCl]) *=I 89 (qutni. 2H. 7=? Hr. CH,tf 
3.55 (q. 2H. 7=7 Hi. CH t ). 3.78 (i. 2H. 7=7 Hi. CH,). 4.01 (II 
1H 7-7 Hi, OH). 4.90 (i. 2H. CHa). and 7.13-8 27 (m. 6HJ 
arom): MS (70 cV) m/t2*\ (M*). Found: 74.50; ; H Ni 
5.73*. Calcd lor C u H„NO : : C, 74.67; H 6.27; N, 580*. * 

2n: Mp )02°C (from AcOEl); IR (Mr) 1610. 1635. and 
3300 cm" : 'H NMR (CDCl,) 4-1.22 (d. 3H. 7=7 Hi, CH,) 
3 51 (d, 2H. 7=7 Hz. CH,), 3.91 (bi. IH. OH). 4.14 (iwt.lHi 
7=7 Hi. CH). 4.90 (J. 2H, CH,). and 6.96-8.12 <m . 6 HJ 
arom): MS (70 eV) m/t 24) (M*). Found: C 74.27: H . 6.34, 
N. 5.67*. Calcd (or C^NO,: C. 7+.S7; H. 6.27: N, S-BOXj 

to: Mp I03*C (Irom AcOEl); IR (Mr) 1615. 1640. and 
3390 cm*': 'HNMR (CDClj) 8=0.95-1.97 (m, 6H. CH,)l 
2.24 (». IH, OH), 3.53-3.83 (m. 4H. CH,), 4.95 (,. 2H. CH,)l 
and 7.23-8.42 (m. 6H, arom); MS (70 eV) m/t 269 (M> 
Found: C 75.48; H. 7.0$: N, 4.98*. Calcd lor C, T H„NO,: C< 
75.81: H. 7.11; N, 5.20*. j ' 

2p: Mp 64'C (Irom AcOEl): IR (Mr) 1610 and 164* 
cm*'; 'HNMR (CDCl,) 8=2.20 (quint 2H. /-7 Hz. CHjjt 
3.62(1. 2H. 7»7 Hi. CH,), 3.75 («. 2H.7»7 Hz. CH,), 4.94 <* 
2H. CH,). and 7.16-8.38 (m. 6H. arom); MS (20 eV) m/t 2S{ 
(M + ). Found: C. 69.10: H. 5 47; N. 5.53*. died <o* 
C,»H„NOa: C 69.37: H. 5.4J: N. S.39*. 1 

2q: Mp 149 «C (Irom AcOEl); IR (Mr) 1605, 1630. 172$ 
and 3000 cm"': 'H NMR (DMSO-rf.) 8-2.76 (t 2H, 7=7 Hit 
CH,). 3.87 (i. 2H. 7=7 Hz, CH,). 5.17 (i, 2H. CH,). »n* 
7.47-8.52 (m. 7H. arom and COOH); MS (70 eV) m/t IB* 
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(V^-CHtCH^COOH). Found: C 70.00; H, 5.12; N, 5. 43%. . 
Calcd (or C ls HuNO,:C 70.58; H, 5.13; N,5.m. 
< 3l7 Mp %2 l C (Irom AcOEO: IK (KBr) 1620 and 1640 
eh,''; »H NMR (DMSCM.) «.48-4.55 (m. 4H CH,) 6.14 
Is lH„CH)/and 7.60-3.35 (m, 6H. arom); MS (70 eV) m/t 
225 (M*). found: C 74.59; H, 4.8S; N. 6.15%. Calcd for 
C l5 H„NOt: C 74.65; H 4.92; N, 6.221. 

Irn' MpU2S*C (from AcOEt); IR (KBr) 1660 cm"'; 
>H NKtR (COO,) *=1.52-2.41 (m. 2H. CH,), 2.90-3.26<m, 
5 a5 ^3-4 42 (m. 2H, CH t ). 4.97-5.26 (m, IH, OI), 
6 OA (s. IH, CH). and 7 44-«.52 (m. 6H. arom); MS (70 cV) 
m/x 239 (M + ). Found: C, 75.64; H. 5.52: N. 5.94%. CaJcd for 
QsHjNOirC. 75.30; H. 5.48; N.5.B5*. 

3n: Mp lllX (tio<n AcOEt); IR (KBr) 1670 «H 
NMR (CDO,) *=L43 (d. 3H, /=7 Hz. CH,), 3.37 (d 2H. 
*/i=7 H« CHt) 3 01—3.25 (m f 0.09H. CH), 4.18 — 4.75 (m, 
0J9lHl:CH);6!05 (s. 0.82H. CH), 6.15 <«. 0.18H, CH). and 
7:43-^.30 (tn, 6H. arom), MS (70 eV) m/i 239 (M"). Found: 

S 75.^7; H ( 5.48; N f 5.86%. Calcd for dsHuNO,: C, 75.30; 
, 5.4B; N, iflS%. 
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